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ABSTRACT 

Since  broadband  and  mobility  communications  is  an  unavoidable  requirement  according  to  the  drone  operation 
requirements.  In  this  paper,  a circularly  polarized  microstrip  antenna  array,  as  a part  of  smart  antenna  system,  operating 
at  2.45GHz,  is  analyzed  and  designed.  The  return  loss  of  the  proposed  microstrip  patch  antenna  is  simulated.  The 
proposed  2x2  microstrip  antenna  array  is  designed  and  analyzed  for  ground  station  to  be  utilized  in  the  small  drone 
communication  system.  The  FDSC  model  is  adopted  in  this  research  to  reduce  the  error  on  the  frequency-dependent 
characteristics  by  including  into  the  antenna  design  procedure.  The  proposed  smart  antenna  system  at  ground  station  in 
this  research  is  mainly  applied  for  small  drone  applications  with  broadband  and  mobility  requiremen  ts.  The  procedure  in 
this  research  is  compatible  with  Computer  Aided  Design  (CAD)  with  fast  and  user-friendly  implementations. 
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INTRODUCTION 

Drone  use  has  become  popular  in  civil  applications.  While  there  are  many  of  types  of  drones,  they 
basically  fall  into  two  categories:  those  that  are  used  for  reconnaissance  and  surveillance  purposes  and  those  that 
are  armed  with  missiles  and  bombs  [1],  Today,  drones  are  no  longer  considering  high-tech  or  novel  invention;  it  is 
an  essential  part  of  modern  military  operations.  Yet,  drones  is  lagging  behind  on  civil  usage  due  to  non-technical 
issues  such  as  regulation,  security  concerns,  safety  and  liability,  privacy  and  civil  rights,  etc  [2].  Even  so,  a variety 
of  models  have  been  introduced  and  commercially  sold  in  past  few  years  and  has  grown  in  considerable  popularity 
even  with  end  users.  Drones  fly  in  an  autonomous  manner,  and  carry  cameras  for  video  recording  and 
photography.  There  are  a broad  range  of  applications  that  will  be  dependent  on  drones,  including  aerial  monitoring 
of  industrial  plants,  factories,  agricultural  fields  and  it  can  even  act  as  a first  time  responder  for  disasters  in  order 
to  quickly  assess  the  situation  in  preparation  disaster  response.  Drones  can  be  classified  by  size  and  weight,  flight 
range,  altitude  and  its  engine  type.  The  two  main  types  are  fixed-wing  vehicles  and  multicopters.  The  flight 
scenario  of  the  drone  is  shown  in  Figure  1 . 


Figure  1:  Flight  Scenario 


www.tjprc.ors 


editor@tjprc.  org 


Original  Article 


10 


Settapong  Malisuwan 


Long  distance  traveling  drones  operate  on  bandwidth  range  of  3 - 30MHz.  Such  long  distance  communications 
are  possible  through  ionosphere  reflections  and  atmospheric  low-attenuation  windows.  As  they  are  small  in  size,  the  size  of 
HF  antennas  are  particularly  large  compared  to  the  size  of  the  drone.  This  type  of  antenna  is  also  narrowband  and  its  flaw 
is  low  radiation  resistance  and  inherent  conductor  losses.  Therefore,  broadband  antennas  that  operate  on  HF  to  lower-UHF 
bands  are  not  pragmatic  for  small  drones.  As  a result,  separate  antenna  systems  are  designed  and  implemented  to 
accommodate  different  frequency  bands  to  decrease  the  size  of  the  antenna.  Additionally,  when  designing  the  antenna  to  be 
placed  on  drone’s  platform,  the  materials  and  electronics  used  on  the  drone  have  to  be  taken  into  consideration  in  order  to 
evaluate  its  impact  on  the  antenna’s  performance. 

Nowadays,  the  microstrip  antennas  continuously  develop  to  become  one  of  the  most  attractive  antenna  options  in 
a wide  range  of  modern  microwave  systems.  This  fast  growth  in  microstrip  antenna  applications  and  uses  derived  a 
continuous  research  effort  for  developing  and  improving  its  characteristics  [3],  In  general,  a microstrip  antenna  can  attain  a 
narrow  frequency  bandwidth  at  the  expense  of  a low  gain.  As  compared  with  conventional  microwave  antennas,  a 
microstrip  antenna  has  additional  advantages  such  as  a compact  size,  light  weight,  conformability  to  surfaces  of  substrates, 
low  cost,  and  easier  integration  with  other  circuits  and  versatility  [4].  From  a designer  point  of  view,  a microstrip  antenna 
presents  a wide  range  of  options.  The  designer  can  vary  the  choice  of  the  substrate  type,  the  antenna  structure,  type  of 
perturbation  and  the  feeding  technique  to  achieve  the  antenna  design  objective  [5]. 

Requirements  for  broadband  and  mobility  drone  communications  are  necessary  in  order  to  move  large  amounts  of 
information  in  real-time.  Therefore,  the  antenna  system  of  the  drone  needs  to  be  carefully  designed  to  meet  the 
requirement. 

The  objective  of  this  paper  is  to  design,  a smart  antenna  system,  a microstrip  antenna  array  at  the  ground  station 
that  receives  multimedia  signal  from  the  drone.  The  operating  frequency  of  2.4GHz  ISM  band  is  used  to  transmit  the 
multimedia  signal  with  required  minimum  bandwidth  of  20MHz. 

There  is  extensive  literature  that  presented  the  design  of  rectangular  microstrip  antennas  [6], [7].  However, 
previous  studies  have  not  included  the  effect  of  very  high  operating  frequency  in  the  procedure  which  increases  chances 
calculation  error  in  the  model. 

Therefore,  the  frequency-dependent  Smith-Chart  model  (FDSC)  is  adopted  in  this  research  to  reduce  the  error  on 
the  frequency-dependent  characteristics  [4].  Specifically,  the  frequency-dependent  characteristic  impedance  included  in  the 
algorithm  is  addressed  in  great  detail  to  eliminate  possible  errors  in  the  high  frequency.  The  results  in  [8],[9]suggests  that 
FDSC  gives  more  accurate  results  than  the  models  adopted  in  past  literature  [10].  This  research  uses  MATLAB 
programming  to  design  and  simulate  the  proposed  smart  antenna  system. 

This  paper  is  structured  as  follows.  Section  II  illustrates  the  frequency-dependent  smith  chart  concept  to  include 
the  effects  of  GHz  frequency  range  into  the  antenna  design  model  to  reduce  the  error  of  calculations.  The  smart  antenna 
system  design  procedure  is  introduced  in  detail  in  Section  III  and  then  conclusion. 

Frequency-Dependent  Smith-Chart  Model 

The  FDSC  model  is  proposed  in  the  literature  [9].  Microstrip-based  Cole-Cole  diagram  is  adopted  to  create  the 
frequency-dependent  (lossy)  Smith-chart  in  order  to  study  microstrip  line  characteristics  [11]. 
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The  microstrip  patch  is  usually  made  of  gold  or  copper  (conducting  material)  and  the  shape  varies.  The  radiating 
patch  and  the  feed  lines  are  usually  photo  etched  on  the  dielectric  substrate  as  illustrated  in  Figure  2. 


Figure  2:  Structure  of  a Microstrip  Patch  Antenna 

The  capacitance  parameter  in  microstrip-line  system  is  studied  before  generating  the  frequency-dependent  Smith- 
chart  relations.  The  capacitance  per  unit  length  of  the  classical  parallel-plate  capacitor  can  be  expressed  as  [4]. 


r>  vv 

c = eh 


(1) 


A simple  frequency-dependent  capacitance  of  the  parallel-plate  capacitor  can  be  expressed  in  any  frequency- 
dependent  attributes  of  s which  is 


C(co)  = £0e*(co)  — 

h 

where  £*(o>)  is  a complex  permittivity  is  expressed  as  £ (co)  — je  (to). 
Therefore, 


C(co)  = £„£  (co)  - - j£0e  (®)  - 


(2) 


(3) 


Referring  to  the  equivalent  Cole -Cole  diagram  deduced  for  a parallel-plate  microstrip  line  in  [10]  is  substitute  into 
Eqn.  (3).  Hence, 


C(C0)  = C [Q(CO)  + - j ^[fiu(co)  + £c((0)  + £d(®)] 

WhereC  = £0£r(w/h). 

For  simplicity,  the  coefficients  of  Eqn.  (4)  are  defined  as  follows: 

B(tfl)  = -[£u(co)  + £c(co)  + £d(<o)] 

8r 

In  general,  the  characteristic  impedance  of  a transmission  line  is  given  by 
Zo  = 


(4) 


R+jcoL 

G+jcoC 


(5) 

(6) 

(7) 


where  R,  L,  G and  C are  per  unit  length  quantities  defined  as  follows:,  R = resistance  per  unit  length  in  Q./m,  L = 
inductance  per  unit  length  in  H/m,  G = conductance  per  unit  length  in  S/m,  C = capacitance  per  unit  length  in  F/m.  [8] 

If  G and  C are  neglected,  the  characteristic  impedance  can  be  written  as: 


www.tjprc.ors 


editor@tjprc.  org 


12 


Settapong  Malisuwan 


To  achieve  frequency-dependent  characteristic  impedance  (Z0'(co)),  the  frequency-dependent  capacitance 
(C(co))of  Eqn.  (4)  is  replaced  into  the  capacitance  (C)  in  Eqn.  (8). Therefore,  frequency-dependent  characteristic  impedance 
is 


Z0(co) 


C[A(o>)— jB(co)] 


Zq 

yA(co)— jB(co) 


(9) 


Now,  the  frequency-dependent  (lossy)  Smith-chart  can  be  derived  through  input  of  Z0(co)  in  Eqn.  (9)  into  the 
normalized  terminal  impedance  expression  as  done  in  traditional  Smith-chart  model  [12]. Therefore  the  normalized 
terminal  impedance  ZL  is 

ZL  = ZfL  t = br  + jbx  (Dimensionless)  (10) 


As  r and  x are  the  normalized  resistance  and  normalized  reactance  and  b = ^/A(co)  — jb(oi). 
The  voltage  reflection  coefficient  of  present  Smith  chart  is 

T'  = r'  + jTj  = ^ 

r ' 1 zL+i 


(11) 


z‘=^,  = br+>bx  = % 

Now,  the  set  of  equations  representing  the  modified  Smith-chart  is  expressed  as: 

(V;  - — )2  + r’2  = 

V 7 1+brJ  1 (l+6r)2 

and 


(12) 


(13) 


(Jr  - l)2  + (n  - 


(14) 


It  can  be  seen  in  [9]  that  when  the  lossy  characteristics  (substrate  loss,  conductor  loss,  and  frequency-dependent 
characteristic  impedance  of  the  microstrip  line)  are  included  in  the  calculation.  A known  fact  in  lossy  transmission  line 
theory  is  that  when  attenuation  as  a function  of  line-length  is  plotted  on  the  Smith  chart,  it  takes  the  form  of  a spiral  [9] 


Smart  Antenna  System  Design 

As  drone  become  smaller,  antenna  researchers  have  focused  much  of  their  effort  on  shrinking  antennas  designed 
for  systems  on  those  aircraft.  Researchers  have  also  endeavored  to  integrate  antennas  on  small  drone  without  impacting 
their  aerodynamics. 


One  approach  to  the  problem  has  been  to  use  microstrip  antennas,  which  are  light-weight,  planar,  compact,  and 
inexpensive.  An  antenna  on  a single  layer  microstrip  is  lighter  and  significantly  cheaper.  Therefore,  communication 
applications  on  small  drone,  a single  layer  antenna  is  preferred. 


Impact  Factor  (JCC):  5.6349 


Index  Copernicus  Value  (ICV):  3.27 


Design  of  Ground  station  Smart  Antenna  System  for  Multimedia  Communications  in  Small  Drone  Applications 


13 


Element  and  Array  Designs 

The  polarization  of  an  antenna  is  vital  to  its  functionality.  Any  difference  in  the  polarization  characteristics 
between  the  transmit  and  receive  antennas  of  a system  results  in  polarization  loss  of  power  over  the  link.  In  order  to  avoid 
air-to-ground  energy  loss  as  a result  of  two  misaligned  linearly  polarized  antennas,  it  has  been  decided  that  both  the 
transmitting  and  receiving  antenna  should  be  circularly  polarized. 

-» 

c 


Figure  3:  A Circularly  Polarized  Truncated  Corner  Microstrip  Patch  Antenna  [13] 

One  common  way  of  achieving  circular  polarization  from  a single  feed  patch  is  to  feed  the  patch  on  one  of  the 
sides  and  truncate  the  corners  of  a square  patch  [14],  as  shown  in  Figure  3.  If  the  corners  were  not  truncated,  one  resonance 
mode  will  occur  from  the  side  that  is  feed  to  the  opposite  side.  This  would  create  linear  polarization.  When  the  corners  are 
truncated,  the  resonance  will  not  occur  from  one  side  to  the  other  side,  but  along  the  diagonals  [13].  Since  one  of  the 
diagonals  is  shorter  than  the  other,  the  resonance  frequencies  will  differ  slightly  for  the  two  modes.  If  the  corners  are 
truncated  exactly  the  right  amount,  the  difference  in  frequencies  will  cause  the  90°  phase  shift. 

In  this  research  the  microstrip  antenna  was  designed  so  that  the  polarization  is  nearly  circular. 


c 


I K 


The  resonance  frequency  fr  is  a function  of  the  effective  length  of  the  antenna,  which  can  be  determined  using  the 
following: 


fr  = 


1 

2 A//V  Mo£o  yj£reff 


Vo 

2(L+AL)^J  £reff 


(15) 


where  V0  is  the  speed  of  light,  er  is  the  dielectric  constant,  and  fr  is  the  resonance  frequency  of  the  antenna.  The 
extended  incremental  length  A L due  to  the  fringing  effect  can  be  found  from 


A L = 0.412(h) 


(gre//+0.3)(^+0.264) 

(ere//-0.258)(^+0.8) 


(16) 


where  h is  the  height  of  the  substrate. 

A thicker  substrate  gives  a higher  bandwidth,  as  can  be  seen  in  B — 3.77  - and  better  efficiency  [13],  but  at 

A 

the  same  time  if  the  material  is  too  thick  surface  waves  might  be  excited.  For  a patch  operating  at  a frequency,  /,  the 
thickness,  h,  of  the  substrate  should  satisfy  [151. 


h<^~ 

2nfy[e^ 


(17) 


where  c is  the  speed  of  light  in  order  to  avoid  surface  waves. 
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The  effective  dielectric  constant  ere//  is  given  by  the  following: 


ereff 


i 

Or+l)  + Ccr-D  [1  + ^2  — V 2 

2 2 1 w*forW/h>l 


Therefore  the  length  of  the  antenna  can  be  derived  as 


L = 


Vo 

2fr-J£reff 


- 2AL 


(18) 


(19) 


Right  triangles  at  the  diagonal  corners  of  the  antenna  are  cut  off,  where  the  length  c of  the  two  sides  of  the  triangle 
is  equal,  and  c is  calculated  using  [13]. 


c = Vas 


(20) 


AS  is  the  area  of  the  triangle,  which  can  be  stated  as 


as  _ 1 
s ~ 2Q 


(21) 


where,  S is  the  area  of  the  antenna  patch,  Q is  the  quality  factor  of  the  antenna  patch 

To  determine  the  quality  factor  of  the  antenna  Q,  the  effective  loss  tangent  Seff  as  stated  below  is  needed[16], 

Seff  = b (22) 


5eff  can  be  determined  using 


SP(T  = 5 + r + P 


h 2a>oWe 

where  A denotes  skin  depth  and  defined  by 
A=  503 


(23) 


(24) 


where,  p = conductor  resistivity,  fr  = resonance  frequency,  pr  = medium  permeability 
The  electrical  energy  we  at  resonance  is 

E0ErabVQ 

We  — ; 

e 8h 

where,  V0  = antenna  output  voltage 


(25) 


Basically,  the  dielectric  constant  (£r)  of  the  substrate  and  substrate  height  are  very  important  factors  that  influence 
the  variation  of  bandwidth  as  well  as  the  surface  waves.  With  increase  in  dielectric  constant  both  the  resonant  frequency  as 
well  as  the  bandwidth  decreases.  So  the  antenna  system  becomes  narrowband  with  increase  in  £r. 

To  meet  with  high  bandwidth  for  delivering  multimedia  information,  in  this  research,  the  relative  dielectric 
constant  of  2.2  (Duroid  5880)  with  loss  tangent  of  0.004  is  chosen  for  the  substrate  material.  The  thickness  of  the  substrate 
(h)  is  2.9mm.  The  operating  frequency  of  the  antenna  is  at  2.45GHz. 
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Figure  5:  Geometry  of  a 2 x 2 Circularly  Polarized  Microstrip  Antenna  Array 

Based  on  the  simulation  results  by  MATLAB  programming,  the  proposed  antennas  resonate  at  2.45GHz. 

Table  1,  summarizes  the  simulated  results  of  dimensions  of  the  proposed  truncated  cornor  microstrip  patch 
antenna  as  shown  in  Figure  4,  and  2x2  microstrip  antenna  array  as  shown  in  Figure  5. 

In  order  to  increase  the  directivity  of  the  antenna,  an  array  of  patches  need  to  be  constructed.  To  gain  a small  size 
of  the  antenna  array,  the  2x2  antenna  array  is  chosen  in  this  research  as  shown  in  Figure  5,  which  is  a good  tradeoff 
between  the  size  of  the  antenna  and  the  directivity. 

Table  1:  Dimension  of  the  Proposed 
Antennas  with  2.45GHz 


Parameter 

Value  (mm) 

a 

0.52 

b 

41.5 

c 

75.5 

d 

3.3 

e 

3.5 

h 

3.1 

The  return  loss  of  the  proposed  truncated  cornor  microstrip  patch  antenna  is  -42dB  with  88MHz  bandwidth  as 
shown  in  Figure  6. 
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Figure  6:  Return  Loss  of  the  Proposed  Truncated  Cornor  Microstrip  Patch  Antenna 

Simulated  results  of  radiation  pattern  for  right  hand  polarization  of  the  proposed  antenna  array  is  shown  in 

Figure  7. 


(a)  (b) 

Figure  7:  Radiation  Pattern  for  Right  Hand  Polarization  for  the  Proposed  Antenna  Array  at  2.45GHz 

(a)  For  Field  Pattern  with  Scane  Angle  = 0° 

(b)  For  Field  pattern  with  Scane  angle  = 90° 


Smart  Antenna  Design 

Phase  array  antenna  can  be  applied  for  beamsteering  applications  in  smart  antennas,  especially,  in  airborn  mobile 
communication. 

In  this  paper,  the  phased  array  antenna  is  used  to  the  proposed  smart  antenna. 

It  is  possible  to  derive  the  array  factor  for  a two  dimensional  rectangular  array  as  [17]. 

AF (0,  <f>)  = S^lX^lImne’W^nn  (26) 

where 


^mn  = Pp ' fmn  = POmn  sin  ® cos  O + ymn  sin  0 sin  O) 


(27) 
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amn  = -p(xmn  sin  0O  cos  ®o  + ymn  sin  0O  sin  <X>0)  (28) 

and  0O  and  <f>0  gives  the  direction  of  the  main  beam.  Imn  and  amn  is  the  amplitude  and  phase  of  element  mn.  Thus  by 
varying  the  the  phase  and  amplitude  of  each  individual  element  it  is  possible  to  synthesize  the  desired  radiation  pattern. 

To  achieve  the  proposed  antenna  array  design  as  shown  in  Figure  7,  the  signal  from  each  element  is  modified  by  a 
phase  shifter  and  an  attenuator,  added  together  and  sampled  into  the  DSP.  By  looking  at  the  quality  of  the  signal  in  to  the 
DSP  and  changing  the  out  signals  to  the  phase  shifters  and  attenuators,  it  is  possible  to  solve  this  as  a control  system 
problem. 


Figure  8:  A Phased  Array  for  Smart  Antenna 

Future  Work 

A dual  feed  circularly  polarized  microstrip  patch  antenna  will  be  designed  for  the  same  application  to  compare  to 
the  proposed  antenna  system  in  this  paper.  The  performance  of  both  proposed  antennas  systems  will  be  compared  and 
analyzed. 

CONCLUSIONS 

In  an  attempt  to  pave  the  way  for  commercial  and  civil  use  of  small  drones  around  the  world,  a number  of 
researchers  in  the  antenna  design  are  searching  for  a cheaper,  smaller,  simpler  and  more  integrated  way  to  implement  smart 
antenna  for  small  drone  applications.  This  paper  has  been  proposed  a circularly  polarized  microstrip  antenna  array  as  a 
major  component  in  the  smart  antenna  system  in  the  small  drone  communications  system.  Due  to  the  operating  frequency 
in  GHz  range,  the  FDSC  model  is  adopted  in  this  research  to  reduce  the  error  on  the  frequency-dependent  characteristics 
by  including  into  the  calculations.  The  proposed  method  can  be  fruitfully  used  in  microwave  CAD  applications. 
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